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Modelling Voltage Variation at DC Railway Traction Substation

using Recursive Least Square Estimation

Chang-Han Bae'

Abstract

The DC overhead line voltage of an electric railway substation swings depending on the accelerating and
regenerative-braking energy of trains, and it deteriorates the energy quality of the electric facility in the DC
railway substation and restricts the powering and braking performance of subway trains. Recently, an energy
storage system or a regenerative inverter has been introduced into railway traction substations to diminish both

the variance of the overhead line voltage and the peak power consumption. In this study, the variance of the

overhead line voltage in a DC railway substation is modelled by RC parallel circuits in each feeder, and the RC

parameters are estimated using the recursive least mean square (RLMS) scheme. The forgetting factor values

for the RLMS are selected using simulated annealing optimization, and the modelling scheme of the overhead

line voltage variation is evaluated through raw data measured in a downtown railway substation.
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Fig. 3. Variation modelling of line voltage at DC

1500V railway substation.

V(Z) _ bn[] +bn1 Zﬁ]
I(z) 1+ a2 "

2a,b, T,
R =—2"105
" 1—3a,7,

i (k) iy (k) iy (k)
i(k—1) iy(k—1) iy(k—1)

(V,=y)k—=1) (V,—y)k—1) (V,—y)(k—1)(V,—

E E E

by byg by byg
(k) = byy by by by
Q) Qg G31 Gy
Q) Gy Qg Oy

y, (k) = b, I(k)+b,, [(k—1)+

ay [y (k=1)E—y, (k=1)]+a,,

(¢V)

(2

(&)

y)(k—1)
E

4

6)

(k)E

V.(k)=1[000FE]6(k) %

047]A1 iy, iy, i3, 14 A7 FU-, 2, 3, 49 AR g

o omatn, y= 24d sevgERy Add AH
AR MY e el Frse Aol
1550 V& AASFATE by, by, a & FAE -1, by, by, s
ay = IH-2, by » by » a3 7= ¥4-3, byg » byg » @y = ¥y
“4oll oigk o] ARARE AERE (D] e EEel.

o, oo, 03, 0y 148 ARL PG 338 4

A P(k—1) U(k)

K(k) = 1A 0 TP(k—1) Uk) ®
e(k)=y(k)—0(k—1)TU(k) C)
0(k)=0(k—1)+K(k)e(k)+pA60(k—1) (10)

Pk)=2"'Pk—1)-X"'KK)UK)"P(k—1) (1D

o714, 0 = FAdE HEHE Yehl, ¢ = 5
7]t F=4€ 7}1“4 kel ztolE yrERdIG
SR 7Sl K = ey 24 AR,
AsEat gholth AG E oz A7 2 24
FE o g & Euy
A8k *J?Ol aketA 7] feiA -1
4

fol 10 Ny« ok

!

- o% fr el o
g Moz o

12)

’4(12)% Ad g u e E ¢33 FF(forgetting factor,

olm, 0~1Atole] o= 1o 7Mh&+5 sebry
g‘_}zw\% o AL XUk kx| do] AAE Aol 9
w, W= o] 7T E SHAAS FASHANE ¢
do] vrolx] Atslry] ok weba AAE A HAS
o ohge As o3 Sl ARt glon,
=Fol = MATLABoNA Al&dtE SA(Simulated
annealing) 23} WS o] &ate] 1FH HA3) go
= AAarot,

e 4o o o —lN

4. 58 2z



cL

-5000
0

5000

current[A]
o

-5000
0

5000

current[A]
o

-5000

5000

current[A]
o

-5000
0

1800

1600} e - ! U o

Voltage[V]

1400 i i i i i i i i i
0 25 30 35

Time[min]

Fig. 4. Line voltage and feeder current waveform at DC
1500V railway substation.
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Fig. 5. SA optimization results for optimal FF values (input
value range 0.95~0.9999, maximum iteration 500,
objective function value limit : 100).
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